A heterologous cluster of glycosyltransferase genes was identified in the three Moraxella catarrhalis LOS serotype strains. Multiple PCR primers designed to this region amplified products that differentiate between the serotypes more rapidly and efficiently than previously described serological analyses. This assay will be valuable for clinical and research-based studies.
A heterologous cluster of glycosyltransferase genes was identified in the three Moraxella catarrhalis LOS serotype strains. Multiple PCR primers designed to this region amplified products that differentiate between the serotypes more rapidly and efficiently than previously described serological analyses. This assay will be valuable for clinical and research-based studies.
Moraxella catarrhalis, a gram-negative diplococcus, is considered a significant cause of acute otitis media in children and lower respiratory infections in adults with chronic obstructive pulmonary disease (COPD) (12, 21, 29) . A number of putative virulence factors have been described for M. catarrhalis (8, 11, 12, 17, 20) , including a surface-exposed lipooligosaccharide (LOS) (6, 18, 23, 32) . Structural and serological studies with M. catarrhalis have described only three different LOS serotypes (termed A, B, and C), which vary in length and content of the oligosaccharide branches (3-5, 13, 15, 28) . One serological study by Vaneechoutte et al. grouped clinical isolates into serotypes A (60%), B (30%), and C (5%), with 5% of the strains unidentified (28) . That has been the only study to investigate the prevalence of specific M. catarrhalis LOS serotypes in the population. The difficulties with serological determinations of M. catarrhalis LOS expression are the limited quantities of antibodies, the absolute requirement for purified sample, and the potential for cross-reactivity between serotypes A and C (13, 24, 25) .
Recently, a cluster of three glycosyltransferase (lgt) genes were identified and characterized in a strain of M. catarrhalis 7169 expressing serotype B LOS (6) . Primers 406 and 408 (Table 1) designed to this region were subsequently used in PCRs with chromosomal DNA from M. catarrhalis 25238, the previously defined LOS serotype A strain, and M. catarrhalis RS10, the previously defined LOS serotype C strain (Table 2) (3, 4) . PCR was performed in 50-l reaction mixtures containing PCR SuperMix (Invitrogen, Carlsbad, CA), 20 pmol/l of each primer, and 1 l chromosomal DNA prepared as previously described (26) . Amplifications were performed in a GeneAmp PCR system 9700 (Applied Biosystems, Foster City, CA) according to the manufacturer's protocol for 25 cycles with an annealing temperature of 53.1°C and extension time of 4 min. Primers 406 and 408 (Table 1) produced an amplicon of 4.3 kb in serotype A and C strains, which was 1 kb larger than the product amplified in the serotype B strain, 7169 (data not shown).
Sequence analyses (MacVector 7.2 software; Accelrys, San Diego, CA) of the entire region amplified by primer 406 and flanking primer 704 (Table 1) identified an additional open reading frame upstream of the original lgt cluster described in 7169 and in the same orientation as lgt1, as illustrated in Fig. 1A and C. A ClustalW alignment with the translated sequence of this open reading frame (Lgt4) in both strains revealed 46% identity and 60% similarity to Lgt1, an ␣(1-2) glucosyltransferase in M. catarrhalis 7169 (6) . The 5Ј end of this cluster in serotype A and C strains contained DNA sequence that is homologous to the 5Ј region of the lgt cluster in 7169, as depicted in all three clusters in Fig. 1A to C. Additional sequence analysis of the cluster in serotype A-expressing strains revealed a region of sequence divergence located at the 3Ј end of lgt2 A , depicted in Fig. 1A . A ClustalW alignment with the translated sequence of Lgt2 A revealed 61% identity and 75% similarity to Lgt2 B/C (formally Lgt2), a ␤(1-4) galactosyltransferase in M. catarrhalis 7169 (6) . A ClustalW alignment with the translated sequences of Lgt1 and Lgt3 from both serotypes A and C revealed Ն98% identity to the respective homologous Lgt enzymes identified in M. catarrhalis 7169 (6). These observations were confirmed by sequencing the entire lgt cluster in a second serotype C strain, CCUG 26391, and another serotype A strain, 27335 (Table 2 ) (data not shown).
Due to the homologous DNA sequence 5Ј of the lgt cluster in all three serotype strains, we implemented a strategy of multiplex PCR in which primers 406 and 649 were the forward primers for serotype B/C strains and serotype A strains, respectively, and primer 408 was the reverse primer for all three serotypes, as depicted in Fig. 1 . This single PCR produces amplicons of 1.9 kb, 3.3 kb, and 4.3 kb for serotypes A, B, and C, respectively. Figure 2 (lanes 1 to 3) is a representative agarose gel depicting the amplicons resulting from this multiplex PCR using chromosomal DNA from M. catarrhalis LOS serotypes A, B, and C, the control strains ATCC 25238, 7169, and RS10, respectively (Table 2) (3, 4, 6) . Other M. catarrhalis clinical isolates (Table 2) were also tested, some representing a geographically diverse panel (Fig. 2 , lanes 14 to 18), as well as isolates from a local population of adults with COPD ( Fig.  2 , lanes 4 to 8) and children with otitis media with effusion (OME) (Fig. 2, lanes 9 to 13) . Overall, 152 M. catarrhalis on September 7, 2017 by guest http://jcm.asm.org/ strains were typed using this system, and the results of these reactions are summarized in Table 3 . The percentage of strains expressing serotype A, B, or C LOS was 64%, 30%, and 6%, respectively, which is consistent with the previous data (13, 28) . However, the percentage of M. catarrhalis isolates expressing serotype A LOS was relatively high for the COPD isolates (81%) and relatively low for the diverse global isolates (46%). At this time it is difficult to determine the significance of this observation, and further analyses are needed to determine whether LOS serotype is a factor for tissue tropism (i.e., inner ear or lung), colonization, or subsequent infection. In order to confirm that the multiplex PCR method specifically correlated with the LOS serotype expressed by clinical isolates, compositional analysis and mass spectroscopy were performed as described previously (16) . LOS was purified from a selected group of M. catarrhalis clinical isolates representing the three major serotypes, and oligosaccharides were isolated as described previously (6, 31) . A portion (100 g) of each OS was methanolyzed, trimethylsilylated, and analyzed by gas chromatography-mass spectrometry (MS). The glycosyl composition analyses for the OSs from M. catarrhalis strains 3P3B1 and 12P80B1 detected galactose, glucose, 3-deoxy-D-mannooctulosonic acid (KDO), and 2-acetamido-2-deoxy glucose as the major monosaccharide constituents, whereas the M. catarrhalis strain 43617 OS contained galactose, glucose, and KDO as the major monosaccharide constituents, with the absence of 2-acetamido-2-deoxy glucose residues (Table 4) .
Methylation analysis of the strain 3P3B1 OS revealed the presence of terminal galactopyranose, terminal glucopyranose, 2-linked glucopyranose, 4-linked glucopyranose, 4-linked galactopyranose, 2,3,6-linked glucopyranose, and terminal 2-acetamido-2-deoxy glucopyranoside, indicating that 3P3B1 expresses serotype A LOS. Analysis of the strain 12P80B1 OS revealed the same profile as 3P3B1, except this sample contained 4-linked 2-acetamido-2-deoxy glucopyranoside rather than terminal 2-acetamido-2-deoxy glucopyranoside, indicating that 12P80B1 expresses serotype C LOS. Analysis of the strain 43617 OS revealed the presence of terminal galactopyranose, terminal glucopyranose, 2-linked glucopyranose, 4-linked glucopyranose, 4-linked galactopyranose, and 2,3,6-linked glucopyranose, with the absence of the 2-acetamido-2-deoxy glucopyranoside residues, indicating that 43617 expresses serotype B LOS. Analyses of the molecular masses of the OSs by negative-ion matrix-assisted laser desorption ionizationtime of flight (MALDI-TOF) MS, using dihydroxybenzoic acid as the matrix, as previously described (16), were heterogeneous and consistent with the composition and linkage analyses (data not shown). The results of the mass spectrometric analysis of the OSs are summarized in Table 4 . These structural analyses were also performed with M. catarrhalis clinical isolates 035E (serotype A), 5P26B1 (serotype B), and CCUG 26391 (serotype C) (strains referenced in Table 1 ) and were consistent with the above analyses (data not shown).
The species specificity of the multiplex PCR assay was also evaluated with chromosomal DNA isolated from 20 strains representing 16 different species, within the genus Moraxella, as well as other mucosal pathogens and commensal organisms ( Table 2 ). The LOS serotype-specific primers did not amplify products from any of the 20 heterologous strains tested in this study (data not shown).
In conclusion, the results in this study indicate that this multiplex PCR test is a specific and highly effective assay for the identification of LOS serotypes expressed by M. catarrhalis strains. In addition, this system may have the added advantage of identifying a clinical isolate as an M. catarrhalis strain, although more data are needed. A single-step PCR method may prove to be a useful tool for basic research studies designed to determine the role of LOS in relation to colonization and pathogenesis, as well as provide a more specific means for clinical investigation of the type of M. catarrhalis strains infecting specific patients. 
